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(54) Latent heat storage apparatus 


(67) A latent heat storage apparatus for surely obtaining latent heat from a latent heat storage materia). The 
latent heat storage apparatus comprises a plurality of small chambers for encasing at least the latent heat 
storage material. A capillary member Is provided between the plurality of small chambers so that the 
contents of the plurality of chambers are coupled to each other. With this arrangement the crystallization 
of the latent heat storage material in at least one small chamber Is spread out into the other email 
chambers. In the case that the present Invention Is applied for a supercooling-prevention type heat storage 
apparatus, a supercooling-preventional material Is encased in one of the 6mall chambers. On the other 
hand. In the case that the present invention is applied for a supercooling type heat storage apparatus, one 
end portion of the capillary member is put out so that the latent heat storage material in the small 
chambers is crystallized by stimulation of the end portion thereof. 
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SPECIFICATION 

Latent heat storage apparatus 

5 The present Invention relates generally to an 
supercooling-prevention type or supercooling 
type heat storage apparatus having a latent 
heat etorage material for use In warming sys- 
tems, heat retaining systems, heating systems 
10 and so on. 

Latent heat storage materials 8re being used 
In hot-water supply and heating applications 
because of having advantages that the heat 
accumulating amount in unit of weight is great 
15 and the heat output is constant. In practical 
use, the heat storage material is divided into a 
number of portions which are in turn encased 
in a number of small bags. This is for pre- 
venting deviation of the heat storage material, 
20 for making constant the thickness of the 
apparatus to improve heating (heat storage) 
efficiency and, for use in a warming system, 
for providing flexibility not to feel Incompati- 
bility In mounting h on a human body. One 
25 example of conventional heat storage appara- 
tus used in a heating system will herelnbelow 
be described with reference to Figs. 1 and 2. 
In Figs. 1 and 2, a heat storage apparatus 1 
has a number of small chambers 2 communl- 
30 cated with each other and a heating wire 3 
provided for the small chambers 2 such that 
the lengths of the heating wire 3 for the re- 
spective smaller chambers 2 are equal to each 
other. The heat storage is effected by dissolu- 
35 tion of the heat storage material resulting from 
energization of the heating wire 3. For use as 
a heating syetern, the heating wire 3 is cov- 
ered by a thermal insulating material 6 as 
shown in Rg. 2 and each of the small cham- 
40 bers 2 encases a latent heat storage material 
4 and a 6upercooling-prevention material 5 for 
avoiding the supercooling of the latent heat 
storage material 4. In the conventional appara- 
tus, the control of the heat storage to a con- 
45 etant temperature Is made by the energization 
and deenergization of the heating wire 3 and 
may be continued after the heat storage in 
some cases. 
One important problem in the conventional 
50 arrangement is, however, that the tempera- 
tures In the small chambers 2 varies depen- 
dency on the located positions, that is, varia- 
tions in temperature occurs among the small 
chambers 2 to have a wide distribution. Since 
55 the supercooling-prevention material 5 does 
not act when the temperature becomes over 
its heat resisting temperature, It is required 
that the heating wire 3 is controlled so that 
the heating temperature is above the melting 
60 point 81 of the latent heat storage material 4 
and below the heat resisting temperature 02 
of the supercooling-prevention material 5. This 
temperature range (02 — 01) is not wide. For 
example, tf sodium acetate trihydrote is used 


dium pyrophosphate decahydrate is used as 
the supercooling-prevention material 6, the 
melting point 01 Is 58°C and the heat resisting 
temperature 02 Is 80 C C, that is, the range Is 
70 about 20°C. Therefore, with the temperature 
variation of the heat storage apparatus widely 
occuring, some temperatures exceed the 
range. To avoid to go outside the range. It 
would be required that the heating wire 3 is 
75 controlled so that the temperature is gradually 
increased, resulting in taking a long time for 
the heat storage. Furthermore, the temperature 
of the latent heat storage material 4 in the 
small chambers 2 covered by a thermal insu- 
80 lating member increases during the heat sto- 
rage. In the case that a thermostat is used for 
detection of the temperature, when the small 
chambers 2 covered by the heat insulating 
member are In the vicinity of the thermostat, 
85 the temperature can be detected thereby. 
However, the small chambers 2 apart there- 
from is difficult to detect the temperature and 
thus the temperature of the far small cham- 
bers 2 further increases. To increase the num- 
90 ber of the thermostats Is not desirable in 
practice. Although It is possible to use e tem- 
perature detecting wire as the temperature de- 
tecting device, the temperature detecting wire 
is difficult to partially detect the variation of 
95 temperature. Thus, the temperature of some 
of the latent heat storage material 4 increases 
and exceeds the heat resisting temperature 02 
of the supercooling-prevention material 5. Dur- 
ing the discharge of heat of the latent heat 
100 storage material 4, even if the temperature 
becomes below the melting point 81, th& su- 
percooling phenomenon in which the the latent 
heat Is not discharged occurs. . 
The above description has been made tn 
105 terms of an apparatus having the heat storage 
material for allowing the prevention of the su- 
percooling wherein the heat storage material 
discharges the heat In response to the termi- 
nation of the heat storage and It is impossible 
110 to discharge the heat when required. There- 
fore, attempts to allow the discharge of heat 
when required have been made hitherto and 
one example of such techniques is disclosed 
in Japanese Patent Provisional Publication No. 
115 61-14283 wherein a supercooling type heat 
storage material is used. However, although 
the supercooling type heax storage material is 
liquid during the heat storage or supercooling, 
H Is turned into a solid after heat discharge, 
120 resulting in losing the flexibility. The technique 
to resolve this problem is disclosed in Japa- 
nese Utility Model provisional Publication No. 
57-87276 or 67-86154 wherein e plurality of 
small chambers are defined by a flexible sheet 
125 and a heat storage material is encased In the 
small chambers so that the flexibility is pro- 
vided by turns of the coupling portions of the 
small chambers. However, the supercooling 
heat storage material requires a means for col- 
130 laoslna the supercooling to discharge heat as 
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disclosed In Japanese Patent Provisional Publi- 
cation No. 61-14283, 61-22194 or 60-1020. 
The Japanese Patent Provisional Publication 
No. 61-14283 discloses a supercooling-allow- 
6 able heat storage component comprising hy- 
droxytpropylated gua-gum. The heat storage 
component is supercooled In a glass bottle 
and, when heat Is required, a seed crystal. is 
put therein or the heat storage copoment is 

10 stimulated by a metallic bar so as to collapse 
the supercooling to derive heat. The end of 
the metallic bar is sharp and therefore there Is 
a problem in safe. Furtehrmore, the heat sto- 
rage component is apt to be leaked on the 

IE opening and closing of the vessel. The Japa- 
nese Patent Provislnal Publication No. 61- 
22194 discloses a thermal energy storage de- 
vice comprising an energy storage member 
and a stimulating member. The stimulating 

20 member comprising a seed crystal 16 brought 
into contact with the energy storage member 
which is In a supercooling state so that the 
supercooling is collapsed to derive heat en- 
ergy. However, this device requires a means 

25 for providing the thermal insulation to avoid 
the melting of the seed crystal. The provision 
of the means makes large the device. Further- 
more, the Japanese Patent Provisional Publica- 
tion discloses a method wherein a bendable 

30 active strip encased in a receptacle is bended 
to collapse the supercooling state. However, a 
bending stress is frequently applied to the 
strip In response to the movement of the de- 
vice, resulting in collapse of the supercooling 

35 when not required. In addition, it is actually 
difficult that such a stimulation means is pro- 
vided in each of the small chambers as dis- 
closed in the Japanese Utility Model Provi- 
sional Publication Nos. 57-85154 and 57- 

40 87276: 

The present Invention has been developed 
In order to remove the abovementioned 
drawbacks inherent to the conventional heat 
storage apparatus. 

45 A feature of the present invention is that a 
plurality of small chambers are defined by par- 
tial connection between the upper portions 
and the lower portions of e receptacle and at 
least one heat storage material is encased in 

50 the plurality of the small chambers. This ar- 
rangement provides flexibility to the heat sto- 
rage apparatus because the turns of the con- 
nected portions are allowable. 
Another feature of the present invention is 

56 that the plurality of small chambers are ar- 
ranged so as to communicate with each other 
through communicating passages material re- 
quires a means for collapsing the supercooling 
to discharge heat as disclosed in Japanese 

60 PatentProvlsional Publication No. 61-14283, 
61-22194 or 60-1020. The Japanese Patent 
Provisional Publication No. 61-14283 discloses 

a supercooling-alloweble heat storage compo- 

...... ....... .j. ?.. .. i. .. .i ...... j J... j 


a glass bottle and, when heat is required, a 
seed crystal is put therein or the heat storage 
copoment is stimulated by a metallic bar so 
as to collapse the supercooling to derive heat 

70 The and of the metallic bar Is sharp and 
therefore there is a problem In safe. Further- 
more, the heat storage component is apt to 
be leaked on the opening and closing of the 
vessel. The Japanese Patent Provislnal Publica- 

75 tion No. 61-22194 discloses a thermal energy 
storage device comprising an energy storage 
member and a stimulating member. The stimu- 
lating member comprising a seed crystal is 
brought into contact with the energy storage 

80 member which is in a supercooling state so 
that the supercooling is collapsed to derive 
heat energy. However, this device requires a 
means for providing the thermal insulation to 
avoid the melting of the seed crystal. The 

85 provision of the means makes large the de- 
vice. Furthermore, the Japanese Patent Provi- 
sional Publication discloses a method wherein 
a bendable active strip encased in a receptacle 
is bended to collapse the supercooling so that 

90 the contents (heat storage material) In the plu- 
rality of small chambers Is coupled to each 
other. This arrangement results in the fact that 
as long as at least one small chamber Is not 
in the supercooling state even if most of the 

95 small chambers are in the supercooling state, 
the entire heat storage device does not be-, 
come In the supercooling state, resulting in 
shortening the heat storage time period and in 
obtaining heat from the heat storage device. 

100 That is, when the latent heat storage material 
In one small chamber is changed from a liquid 
to a solid (crystallization), this change Is com- 
municated with the adjacent small chambers 
through the communicating passages. Even If 

105 the latent heat storage material in the adjacent 
small chambers is in the supercooling state, 
the communication results in insertion of a 
seed crystal and therefore the supercooling 
state Is collapsed thereby to discharge heat. 

110 This change successively communicates with 
other smalt chambers and the heat storage 
device entirely discharges heat. 

In accordance with the present invention, 
there is provided a heat storage apparatus 

115 comprising a plurality of chambers for encas- 
ing at least a latent heat storage material and 
coupling means provided between the plurality 
of chambers so that the plurality of chambers 
are coupled to each other, a supercooling-pre- 

120 vention materia) being encased in at least one 
of the chambers. 

In accordance with the present invention, 
there is also provided a heat storage appara- 
tus comprising a receptacle having therein a 

125 heat storage material for allowing supercooling 
and discharging latent heat by the phase 
change from liquid to solid in response to 
stimulation and a capillary member which ex- 

» — J»- * ~a — i— -I J _ m . .i .i -•- • - 
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In accordance with the present Invnetion, 
there Is further provided a supercooling type 
heat storage apparatus comprising a plurality 
of chambers each having therein a heat sto- 
5 rage material for allowing supercooling and di- 
accharging latent heat by the phase change 
from liquid to solid In response to stimulation 
and a capillary member provided so as to 
pass through said chambers. 
10 Preferably, the communicating means is con- 
structed of e capillary tube. In this case, even 
If all of the heat storage material in the plural- 
ity of chambers Is In the supercooling state, h 
Is possible to discharge the latent heat by 
15 stimulation of the capillary tube. Furthermore, 
even if an external force Is applied to the heat 
storage apparatus, the latent heat storage ma- 
terial Is difficult to leak to the outside. 
When the heat storage device comprising 
20 the plurality of the small chambers and heat 
storage material encased therein is heated by 
a heater, the difference in temperature arises 
between the center portions and pheripheral 
portions of the heat storage device. If the 
25 heat storage device is heated by the heater to 
store heat as quick as possible with the tem- 
perature of one of the pheripheral small cham- 
bers being set to be below the heat resisting 
temperature of a supercooling-preventlon ma- 
30 terlal, the temperature of the small chambers 
at the center portion becomes above the heat 
resisting temperature of the supercoofing-pre- 
vention material and the supercooling state 
occurs in response to the heat discharge after 
35 the termination of the heating. According to 
the present Invnetion, the small chamber at 
the pheripheral portions does not becomes In 
the supercooling state and the crystallization 
occurs in the vicinity of the melting point of 
40 the latent heat storage material. This crystalli- 
zation Is transferred to the small chambers et 
the center portion and hence the latent heat 
storage material does not become in the su- 
percooling state. This is achieved with a sup- 
45 percooling-prevention material being encased 
in one of the small chambers at the pheri- 
pheral portion. Furthermore, even in the case 
that some of the srnall chambers are covered 
by a heat insulating member, the crystallization 
50 in the small chambers which are not covered 
by the heat insulating material is transferred to 
the small chambers which are covered 
thereby. As a result, even if the temperature 
in the covered small chambers exceeds the 
55 heat resisting temperature of the supercooling- 
prevention material due to the covering, the 
latent heat can be obtained from the covered 
small' chambers. 
The object and features of the present in- 
60 vention will become more readily apparent 
from the following detailed description of the 
preferred embodiments taken In conjunction 
with the accompanying drawings. In which: 
Rg. 1 Is a perspective view of a conven- 
fiK tlnnal heat storaoe aooaratus; 


Rg. 2 is a perspective view of a heating 
apparatus including the conventional heat sto- 
rage apparatus of Rg. 1; 

Rg. 3 is a perspective view of a heat sto- 
70 rage apparatus according to first and second 
embodiments of the present Invention; 

Rg. 4 is a cross-sectional view of the heat 
storage apparatus of Rg. 3; 

Rg. 5 is a plan view of a heat storage 
75 apparatus according to a third embodiment of 
the present Invention; 

Rg. 6 is a cross-sectional view of the heat 
storage apparatus of Rg. 5; 

Rg. 7 is a cross-sectional view of a heating 
80 apparatus including the heat storage apparatus 
of Rg. 5; 

Rg. 8 is a cross-sectional view of a heat 
storage apparatus according to a fourth em- 
bodiment of the present invention; 
85 Rg. 9 is a cross-sectional view of a heat 
- storage apparatus according to a fifth embodi- 
ment of the present invention; 

Rg. 10 is a cross-sectional view of a heat 
storage apparatus according to a sixth em- 
90 bodiment of the present invention; 

Rg. 11 is a cross-sectional view of a heat 
storage apparatus according to a seventh em- 
bodiment of the present invention; . 
Fig. 12 is a plan view of a heat storage 
95 apparatus according to an eighth embodiment 
of the present invention; and 

Rg. 13 Is a cross-sectional view of the heat 
storage apparatus of Rg. 12. 
A first embodiment of the present invention 
100 will herelnbelow be described with reference 
to Rgs. 3 and 4, Rg. 3 being a perspective 
view of a heat storage apparatus according to 
the first embodiment of the invention and Rg. 
4 being a cross-sectional view of the heat 
105 storage apparatus Incorporated Into a heating 
apparatus. In Rgs. 3 and 4, the heat storage 
apparatus 1 comprises a plurality of small 
chambers 2 which are defined by division of 
the inner spece of a flat receptacle 7 of a 
1 10 fusible film. The division is made by partial 
attachment of the upper surface and the lower 
surface of the flat receptacle. The reference 
numeral 8 represents adhesion portions. A la- 
tent heat storage materia! 4 and a supercool- 
T15 ing-prevention material 5 are encased in each 
of the plurality of small chamber 2. Also in- 
cluded in the heat storage apparatus 1 is a 
communicating device 9 provided to pass 
through the plurality of small chambers 2 so 
120 that the contents (heat storage material 4} In 
the plurality of small chambers 2 are coupled 
to each other through the communicating de- 
vice 9. In this embodiment, the coupling de- 
vice 9 comprises a member such as yam for 
126 allowing the capillary phenomenon. The heat 
storage material 4 in one small chamber 2 
soaks into the coupling device 9 8nd Is coup- 
led to the heat storage material 4 In the adja- 
cent small chamber 2. It is also appropriate 
130 that capillary tubes are used as the coupling 
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device 9. In this case, each of the capillary 
tubes Is provided between the email chambers 
2. 

The receptacle 7 Is made of a flexible ma- 
5 terra! such as aluminium-laminating film which 
is not reactive and compatible to the latent 
heat storage material 4. The receptacle 7 may 
be made by heating attachment of a pair of 
film sheets, by heating attachment of a folded 

10 film sheet, or by heating attachment of the 
suitable portions. of a tube. A description will 
herehbelow made in terms of the receptacle 
made of a pair of film sheets. The adhesion of 
' the upper surface and lower surface of the 

16 receptacle 7 is made by heating. It Is also 
appropriate that the adhesion is made using 
art adhesive bond. The small chambers can be 
determined in size and shape in accordance . 
with the use purposes. The latent heat sto- 

20 rage material 4 Is of the hydreted salt such as 
calcium chloride hexahydrate, sodium sulfate 
decahydrste, sodium thiosutfete pentahydrate, 
or sodium acetate trihydrate. Because the la- 
tent heat storage material 4 becomes in the 

26 supercooling state by heating over the melting 
point and cooling, a supercooling-prevention 
' material is mixed therein, (n addition, a visco- 
city-fncreasing agent, a stabilizer or a heat- 
conduction material is mixed therein if re- 

30 quired. The capillary member 9 is a fiber-made 
-member which is not reactive and not com- . 
patible to the latent heat storage material 4. 
For example, the capillary member 9 is a yam- 
like member made of a natural fiber such as 

35 cotten and cellulose or a synthetic fiber such 
as polyester, acrylic, polyamide and aromatic 
polyamide. It is also appropriate that the capil- 
lary member 9 Is a woven fabric, non-woven 
fabric/ a member made of fine metallic lines 

40 such as stainless steel line and copper line, or 
one of various types of continuous bubble 
members. The heating attachment is per- 
formed with the capillary member 9 being In- 
terposed betwwen tjie two film sheets so that 

45 the capillary member 9 is fixed after the heat- 
ing attachment. The -capillary member 9 is 
necessary to stand under the heat for the 
heating attachment; If the capillary member 9 
' is melted into the receptacle 7, it does not 

50 functions as the capillary and the latent heat 
storage material 4 liquid is difficult to per- 
meate thereinto so that the collapse of the 
supercooling is terminated there. Therefore, it 
is preferable to use a yarm-like member made 

55 of polyester or polyamide when the most-in- 
ner leyer (heating attachment layer) of the lam- 
inating film is polyethylene, for example. The • 
Installing position and installing method of the 
capillary member 9 are not Jimited particularly 

60 and it is enough if it is arranged to perform 
the connection between the small chambers 2 
through coupling portions 9. 
As shown In Hg, 3, a yam made of poly- 

ootor fto tho /smfllaru momKw ft la IntAmnAAri 


the heating attachment thereof is effected to 
have bonding portions of a width of 5mm so 
that a plurality of small chambers of 4 x 6 
cm are defined. Before the heating attach- 

70 ment, the capillary member 9 is arranged so 
that the small chambers 2 are coupled to each 
other in at least one place. Sodium acetate 
trihydrate is encased as the latent heat sto- 
rage material 4 in the small chambers 2. In 

75 addition, sodium pyrophosphate decahydrste, 
i.e., suparcoofing-preventionai material 5 is fur- 
ther encased In only the small chamber 2a. 
Thereafter, the openings of the small cham- 
bers 2 are closed under the condition of de- 

60 creased pressure. Thus, a heat storage device 
Is constructed to have 30 small chambers 2, 
that is, 10 chambers per one row and three 
rows. A heater as shown in Rg. 1 i6 provided 
to the heat storage device. A temperature 

85 control device is placed on the small chamber 
2a, and with the temperature control being 
performed so that the temperature of the 
small chamber 2a exceeds 76°C, the energiza- 
tion of the heater (heat storage) is effected. In 

90 the temperature distribution of the heat sto- 
rage device after the heat storage termination 
of the small chamber 2a, the temperature of 
the small chambers 2 at the comer portions Is 
about 75°C, the temperature of the small 

95 chambers 2 at the pheripheral portion other 
than the small chambers at the comer por- 
tions is 85 to 95°C, and the temperature of 
the small chambers 2 at the center portion is' 
90 to 100°C. If the small chambers 2 are 

100 completely Independent on each other, these 
temperatures provide the supercooling for all 
of the small chambers 2 other than the small 
chamber 2a. Furthermore; the time period is 
half the time period taken in the conventional 

105 temperature-controlling type apparatus. The 
heat discharge is started immediately after the 
heat storage. The small chambers 2 at the 
comer portions are greatest In the temperature 
decreasing degree and the small chambers 2 

110 at the pheripheral portion Is second to the 
small chambers 2 at the comer portions. 
When the temperature is in the visinity of the 
melting point of the latent heat storage ma- 
terial 4 in accordance with the temperature 

115 decrease, the phase change from liquid to 
solid occurs in the small chamber 2a, resulting 
in discharging heat Secondly, when the tem- 
perature of the small chamber 2 adjacent to 
the ematt chamber 2a becomes below the 

120 melting point of the latent heat storage ma- 
terial 4, the phase change occurs In the adja- 
cent small chamber 2. This phase change is 
transferred, or spread out, one after the other 
and the latent heat of the entire heat storage 

125 device could be obtained. Furthermore, During . 
the heating, a force of 150 kg is applied to < 
one of the small chambers 2. However, the 
heat storage material 4 In the force-applied 

Rmfll) chnmhar 2 hn» not hf»«n transferred to 
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of the latent heat storage material 4 is signifi- 
cantly limited by the capillary member 7. 

As well as in the first embodiment, a heat 
storage device Is constructed so as to have 

6 30 small chambers, that Is, 10 chambers per 
one row and three chambers. In this embodi- 
ment, sodium acetate trihydrate and sodium 
pyrophosphate decahydrate are encased In. 
each of the small chambers with they being 

10 mixed with each other. In the case that the 
heat storage device is partially covered by a 
heat-insulating member during heat storage 
and the abnormality that the heat storage 
member is covered by the heat-insulating 

15 member Is not detected sufficiently and the 
control is not effected, the temperature of the 
covered portion Is greater and exceeds the 
heat-resisting temperature 80X1 of the super- 
cooling-prevention material, rf the small cham- 

20 bers are independent on each other, the su- 
percooling occurs and thus it is impossible to 
obtain heat from the small chambers 2 at the 
covered portion. Therefore, according to this 
embodiment, because the contents {latent heat 

26 storage material 4) in the small chambers are 
coupled to each other through the capillary 
member 9, when the phase change from liquid 
to solid occurs during heat discharge in terms 
of the latent heat storage material 4 of the 

30 small chambers 2 which Is not covered, the 
covered small chambers 2 adjacent thereto re- 
sults in the phase change from liquid to solid 
through the capillary member 9, end this al- 
lows the latent heat of the latent heat storage 

35 material 4 to be obtained without the genera- 
tion of supercooling. Although the above-de- 
scription has been made in the case of the 
provision of the heater, it is also approplrate 
that the heating wire Is not provided at a por- 

40 tion of the small chamber and the temperature 
control Is effected at the portion. Furthermore, 
a similar effect can ^e obtained using heat 
wind or hot wator in place of the heater. 
When the heat storage device is mounted on 
45 a human body, it is easily bended about the 
attachment portions and therefore the human 
does not feel Incompatibility* resulting in good 
heating. 

As shown in Figs. 5 and 6, a heat storage 
50 apparatus 1 has a capillary member 9 which is 
coupled from the inside to the outside. So- 
dium acetate trihydrate is used as a latent 
heat storage material 4 and polyester yarn is 
used as the capillary member 9. Because the 
55 length of the capillary member 9 is long, the 
capillary member 9 contains the sodium ace- 
tate in advance. The capillary member 9 Is 
covered by a shell 10. If it is used several 
times, the shell 10 is not required. However, 
60 for increasing the number of use, the shell 10 
made of the same material as the receptacle 
is provided over the whole of the capillary 
member 9 not to results in composition 
change due to evaporation of water content. 


so thet the entire heat storaga apparatus 1 is 
in the eealed state. A heater 3 Is provided 
thereto for heat storage and the circumference 
thereof is covered by a thermal-insulating ma- 
70 terial 6 so that a heating apparatus 1 1 as 
shown in Fig. 7 can be constructed. Ona end 
of the capillary member 9 is placed to the 
outside of the thermal-insulating material 6. 
When the heating apparatus 11 is heated by 
75 the heater 3, the temperature of the sodium 
acetate trihydrate has reached 90°C abd the 
heat storage has been effected. At this time, 
the temperature of the one end of the capil- 
lary member 9 placed outside the thermaMn- 
80 sulating material 6 is 35°C which ie lower than 
the melting point 58°C of the sodium acetate 
trihydrate. When heat is discharged, the crys- 
tal remaining In the capillary member 9 is used 
as a seed crystal and heat can be obtained 
85 from the heat storage apparatus 1 in accor- 
dance with the progression of crystallization. 

Although in the first and second embodi- 
ments the small chambers are coupled to each 
otehr through the capillary member9, In a 
90 further embodiment, the capillary member 9 is 
not used and adhesion portions 8 for defining 
the small chambers is not completely adhered 
as shown in Rg. 8 so that the contents in the 
small chambers 2 are coupled to each other 
95 through the non-adhered portions 12. There is 
e closa relationship between the dimention of 
the non-adhered portion 12 and the move- 
. ment of the latent heat storage material 4 and 
ft is preferable that the width of the non-ad- 
100 hored portion 12 is haff the length thereof. 
When the width thereof is greater than half 
the length thereof, in response to epplication 
of a force to one small chambers 2 the latent 
heat storage material 4 in the force-applied 
105 small chamber 2 is easily moved to other 

small chambers 2, resulting in deviation of the 
amount of the latent heat storage material 4 in 
the small chambers 2. Furthermore, it is pre- 
ferable that the width of the non-adherfcd por- 
110 tion 12 is below 10mm because of the pre- 
vention of easy movement. With the above- 
mentioned arrangement, the heat storage de- 
vice Is heated by a heater as In the first em- 
bodiment. As a result, the crystallization oc- 
115 curs from the small chamber 2a, which Is not 
In the supercooling state, to other small cham- 
bers 2 whereby latent heat can be obtained 
from the entire heat storage device. 
Secondly, a description will hereinbelow be 
120 made in that case that tha present Invention is 
applied to supercooling type heat storage 
epparatus. A latent heat storage material 
which discharges heat by the phase change 
effected in response to e stimulation is en- 
126 cased in one or a plurality of small chambers 
and the small chamber is provided whh a 
capillary member which extends from the in- 
side of the small chamber to the outside 
thereof. The supercooGng of the latent heat 
130 storaao material is collapsed by the stlmula- 


6 


GB2195016A 6 


tion of the capillary member. The stimulation 
of the capillary member results in the stimula- 
tion of the latent heat storage material. 
A heat storage apparatus of this embodi- 
5 ment Is shown In Fig. 9 as comprising a re- 
ceptacle 13, a latent heat -storage material 4 
encased therein, and a capillary member 9 
provided thereto. If required, the capillary 
member Is covered by a cover 14. 

10 The receptacle 13 Is made of a material 
which is not reactive and not compatible to 
the latent heat storage material 4. If the heat 
storage apparatus Is employed for a warming 
apparatus, an aluminium-laminating film may 

15 be used for providing flexibility. The latent 
heat storage material 4 is of the hydreted salt 
such as calcium chloride hexahydrate, sodium 
sulfate decahydrate, sodium thlosulfate pen- 
tahydrate, or sodium acetate, trfhydrate. In ad- 

20 dition, a viscocity-increasing agent, a stabilizer 
or a heat-conduction material is mixed therein 
if required. The capillary member 9 Is a fiber- 
made member which Is dot reactive and not 
compatible to the latent heat storage material 

25 4. For example, the capillary member 9 is a 
yarn-like member made of a natural fiber such 
as cbtten and cellulose or a synthetic fiber 
such as polyester, acrylic, polyamide and 
aromatic polyamide. It is also appropriate that 

30 the capillary member 9 is a woven fabric, 
non-woven fabric, a member made of fine * 
metallic lines such as stainless steel line and 
copper fine, a continuous- bubble member such 
as pofyurethane, elastomer having continuous 

35 bubbles ahd metallic bubble body, or sinter 
having continuous bubbles such as polyethyl- 
ene porous sinter and porous ceramic. The 
capillary member 9 is arranged such that one 
end thereof Is outside the receptacle 13 and 

40 the other end thereof is brought Into contact 
with the heat storage material 4 therein. The 
capillary- member 9 draws up the latent heat 
storage material 4 by the contact therewith 
-and is entirely soaked therein. In the case that 

45 the internal pressure of the receptacle 13 is 
increased by increase of the temperature dur- 
ing heat storage, the latent heat storage ma- 
terial 4 may be leaked out through the capil- 
lary member 9. Thus, it is required that the 

50 capillary member 9 is designed considering 
the kind of the latent heat storage material 4 
and viscocrty decrease due to temperature* in- 
crease so that the leaking of the latent heat 
storage material 4 is substantially prevented, 

55 The heat storage apparatus 1 is heated 
(heat-stored) by hot-water or a heater. When 
the latent heat storage material 4 Is pooled to 
the room temperature after sufficiently melted, 
the lateht heat storage material 4 becomes in 

60 the supercooling state. Here, the supercooling 
state Is collapsed even if the heat storage 
apparatus 1 is shocked, bended or pressur- 
ized: For obtaining heat a portion of the capfl- 


capillary member 9, paticulariy the portion 
close to the receptacle 13, Is stimulated by a 
bar-like member, thin member or a finger. If a 
seed crystal for the latent heat storage ma- 

70 terlal 4 is attached to the stimulating member, 
the collapse of the supercooling is easily ef- 
fected by light contact therewith, if the col- 
lapse of the supercooling is started at once, it 
is successively performed. That is, the col- 

75 lapse of the supercooling started at the stimu- 
lated portion Is spread out, through the capil- 
lary member 9, all over the latent heat storage 
material 4 in the receptacle 13, resulting in 
obtaining heat from the latent heat storage 

80 material 4. 

The cover 14 protects the capillary member 
9 protruding from the receptacle 13 and pre- 
vents evaporation of water from the capillary 
member 9. This prevents the collapse of the 

85 supercooling which may be effected by an un- 
datable stimulation performed when the heat 
storage apparatus 1 is held or carried in the 
supercooling state. Furthermore, when the 
temperature of the heat storage apparatus 1 is 

90 increased during heat storage, the crystalliza- 
tion water of the latent heat storage material 
4 is apt to be evaporated. The covering of 
the capillary member 9 results in prevention of 
the evaporation. 

95 A detail arrangement of the heat storage 
apparatus 1 win be made hereinbelowl Two 
aluminium-laminating films are prepared, and 
with they being piled up, the three sides 
thereof are heated to form a receptacle. A 

100 polyester yam of 0.2 mm diameter used as 
the capillary member is interposed between 
• the two aluminium-laminating films at the re- 
maining side. The dimension of the receptacle 
is 100 mm x 120 mm, and the width of the 

105 heated portion is 5 mm. The length of the 
polyester yam protruded from the receptacle 
is 20 mm and the length inside the receptacle 
is 50 mm. A cover for covering the capillary 
member is provided at the side In which the 

110 capillary member is placed. The cover Is made 
of an aluminium-laminating film and the length 
thereof is 20 mm. For making the heat sto- 
rage apparatus, a latent heat storage material 
of 40 g Is encased In the receptacle. The 

1 15 capillary member protruded from the recepta- 
cle Is put In the cover so that the whole 
thereof is covered thereby, followed by heat* 
ing (heat storage). When the latent heat sto- 
rage material is cooled to the room tempera- 

120 ture after sufficiently melted, the latent heat 
storage material becomes in the supercooling 
state. The supercooling has not been col- 
lapsed by any of external stimulations. The 
capillary member is stimulated by a stimulating 

125 bar with a seed crystal. As a result, the su- 
percooling state has been collapsed and heat 
could be obtained. The collapse by the stimu- 
lation is transferred through the polyester yam 
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the heat storage material has not been leaked 
out 

A heat storage apparatus of a further em- 
bodiment will be described with reference to 
5 Fig. 10. The heat atorage apparatus 1 has a 
port 16 into which a capillary member is in- 
serted and an opening and closing device 16 
as shown in Fig, 10. A latent heat 6torage 
material 4 is encased in a receptacle 13. 
10 The arrangement of the heat storage appa- 
ratus 1 will hereinbslow described in detail. A 
polyethylene-made pipe having a polyethylene 
sinter therein as the capillary member 9 is 
adhered by heating to the receptacle 13 hav- 
15 Ing a dimension of 100 mm x 120 mm and 
made of an. aluminium-laminating film. The 
opening and closing device 16 comprises a 
polyethylene-made cap for covering the poly- 
ethylene pipe to seal the receptacle 13. So- 
20 dlum acetate trlhydrate of 40g is encased in 
the receptacle 13 and seated up under the 
condition of decreased pressure so that the 
heat storage apparatus 1 can be constructed. 
The heat storage apparatus is soaked in hot 
25 water of 100 Q C so that the latent heat storage 
material 4 is sufficiently melted, and it is 
cooled to the room temperature, and hence 
the latent heat storage material becomes In 
the supercooling state. The supercooling has 
30 not been collapsed by any of stimulations. For 
obtaining heat, the cap 16 is removed from 
the receptacle 13 and the surface of the poly- 
ethylene sinter is stimulated lightly by a bar. 
The supercooling of the latent heat storage 4 
35 Is easily collapsed by the stimulation. In this 
embodiment when the heat storage apparatus 
1 Is not used, since it is covered by the cap 
16, the supercooling state is not collapsed by 
an undesirable stimulation* Furthermore, the 
40 heat storage apparatus T is seeled up when 
heat-stored or kept, and therefore, the change 
of composition of the heat storage material 
due to evaporation of water does not occurs. 
Even if the cap is removed, the latent heat 
45 material 4 is not leaked out because of inter- 
ruption of the capillary niember 9. 

A heat storage apparatus 1 according to a 
further embodiment will hereinbelow be de- 
scribed with reference to Fig. 1 1 . The heat 
50 storage apparatus 1 comprises a receptacle 
13 having a latent heat storage material 4 
therein and a capillary member 9 which ex- 
tends from the inside of the receptacle 13 to 
the outside thereof. The capillary member 9 is 
55 separated into two portions 9a and 9b and a 
switching device 17 is provided therebetween 
so that the two portions 9a and 9b are 
switched into contact or no contact with each 
other. The one end of the capillary member 
60 6a is inserted into the receptacle 13 so that it 
is in contact with the latent heat atorage ma- 
terial 4. Thus, the latent heat storage material 
4 Is soaked into the capillary member 9a, that 
is, the capillary member 9a carries the latent 


rage material 4 is previously soaked into the 
capillary member 9b. The latent heat storage 
material 4 in the capillary member 9b is held 
by capillary phenomenon. While the latent 
70 heat storage material 4 in the capillary mem- 
ber 9a is melted during heat storage, the 
capillary member 9b is separated from a 
heater so that a portion of the latent heat 
storage material 4 in the capillary member 9 is 
75 not melt, i.e., remains in the crystal state. 
After the heat storage, the non-melted portion 
in the capillary member 9b results in a seed 
crystal and the latent heat storage material 4 
in the capillary member 9b is entirely crystal- 
80 lized. On the other hand, the capillary member 
9a does not contain the seed crystal and be- 
comes in the supercooling state. When a 
knob 18 of the switching device 17 Is oper- 
ated so that the the capillary member 9b is 
85 moved Into contact with the cappllary member 
9a, the supercooling state of the latent heat 
storage material 4 in the capillary member 9a 
is collapsed because the latent heat storage 
material 4 of the capillary member 9b acts as 
90 a seed crystal. This collapse is transferred 
through the capillary member 9a to the latent 
heat material 4 in the receptacle 13. As a 
result, the latent heat storage material 4 dis- 
charges heat by the phase change from liquid 
95 to solid. 

Secondly, in the case that the receptacle 13 
is divided into a plurality of smaD chambers 
for the purpose of providing flexibility to the 
heat storage apparatus 1, a description will be 
100 made in terms of a method for collapsing the 
supercooling state In each of the small cham- 
bers. A latent heat storage material 4 whose 
supercooling state is easily collapsed by stim- 
ulation is encased In each of the small chanv 
105 bers. The small chambers are coupled to each 
other through a capillary member. Since the 
capillary member is in contact with the latent 
heat storage material in the small chambers, 
the latent heat storage material is soaked into 
110 the capillary member by capillary phenomenon, 
that is, the capillary member includes the la- 
tent heat storage material. Thus, although the 
receptacle is divided into the plurality of small 
chambers, the contents in the small chambers 
115 are connected to each other through the capil- 
lary member. When e stimulating member pro- 
vided in one of the small chambers is oper- 
ated, the supercooling state of the latent heat 
storage material in the small chamber is col- 
120 lapsed and the latent heat storage material 
discharges heat by the phase change from 
liquid to solid. After entirely collapsed, the 
collapse of the supercooling is transfered 
through the latent heat storage material in the 
125 capillary member to the latent heat storage 
material in the adjacent small chambers so 
that the latent heat storage material in alt of 
the small chambers is collapsed. That Is, the 
collapse of the supercooling in one small 
isn rharnhpf raftiilts in thn cnllaosd of the super- 
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cooling in all of the small chambers by means 
of the capillary member. 

A further embodiment of the present Inven- 
tion will be described with reference to Figs. 
5 12 and 13. Fig. 12 Is a plan view of a heat . 
storage apparatus according to this embodi- 
ment and Rg. 13 Is a cross-sectional view of 
the heat storage apparatus of Rg. 12. The 
heat storage apparatus 1 has a plurality of 

10 smalt chambers 2 which are defined by par- 
tially adhere a receptacle made of films or a 
tube. A latent heat storage material described 
in the first embodiment is encased in each of 
the small chambers 2 and the small chambers 

15 are coupled to each otehr through a capillary 
member 9. A description of the heat storage 
apparatus 1 will hereinbelow made in detail. 

A yam made of polyester is, as the capillary 
member 9, interposed between two alumi- 

20 nium-lamlnating films which are made of poly- 
ethylene, and the aluminium-laminating films 
are partially adhered by heating so that a plu- 
rality of small chambers 2 are defined by the 
adhesion portions 8. The width of the adhe- 

25 sion portions 8 is 5 mm and the dimension of 
the each of the small chambers is 5 X 5 cm> 
Upon heating, the capillary member 9 is previ- 
ously arranged so that the small chamber 2 
ere coupled in one place to each other 

30 through the capillary member 9* Sodium ace- 
tate trihydrate of 20g, i.e., latent heat storage 
materia* 4, is encased In each of the samll 
chambers 2 and after encased, the small 
chambers 2 are sealed up under the condition 

35 of decreased pressure, thereby defining 30 
small chambers, 4 chambers per one row and 
two rows. A stimilating member 19 Is pro- 
vided for one of the small chambers 2. The 
■ heat storage apparatus 1 Is heated to 80°C 

40 higher than the melting point 58°C of the so- 
dium acetate trihydrate. After the latent heat 
Storage material 4 has been melted com- 
pletely, it is Cooled to the room temperature 
whereby the latent heat storage material 4 

45 easily becomes in the supercooling state. The 
force of 150 Kg has. been applied to one of 
the small chambers 2 during the heating. 
However, the latent heat storage material in 
the small chamber 2 has been transferred to 

50 other chambers 2. This is because the move- 
ment of the latent heat storage material 4 is 
extremely limited by the capillary member 9. 
The supercooling state Is collapsed by stimu- 
lating the stimulating member 19 whereby 

55 heat can be obtained from the whole of tha 
heat storage apparatus 1 . Even if the heat 
storage apparatus Is mounted on a human 
body, there Is no feeling of incompatibility be- 
cause of rotations about the adhesion portions 

PO 8. 

In this embodiment, as well as in the fourth 
embodiment, each of adhesion portion is not 
• adhered completely so that the contents (la- 


non-adhered portions. As shown In Rg. 12, a 
stimulating member is provided for one of the 
small chambers. In response to stimulation of 
the latent heat storage material in the small 

70 chamber by the stimulating member, as well 
as in the eighth embodiment, the supercooling 
state Is collapsed and heat can be obtained 
from the heat storage apparatus. 
In the above-description, the first four em- 

75 bodlments respectively represent a supercool- 
ing-prevention type heat storage apparatus. 
According to these apparatus, a latent heat 
storage material is encased in a plurality of 
small chambers and the plurality of small 

80 chambers are coupled to each other, for 
example, a capillary member so that the con- 
tents in the small chambers are substantially 
coupled to each other. Therefore, even if one 
small chamber is not in the supercooling state 

85 and the latent heat storage material in the one 
samll chamber results In the phase change 
from Gquid to solid, the phase change is trans- 
ferred to the whole of the heat storage appa- 
ratus whereby latent heat can be obtained 

90 from the entire apparatus. Therefore, it is al- 
lowed that the temperature in the other samll 
chambers exceeds the heat-resisting tempera- 
ture of a supercoofing-prevention material and 
It Is possible to set the heating temperature to 

95 a temperature higher than the melting point of 
: -the latent heat storage material, thereby shor- 
tening the time period of heat storage. Fur? 
tehrmore, in the case that the heat storage 
apparatus is mounted on a human body, the 

100 adhesion portions between the small cham- 
bers are turned easily and hence there Is no 
feeling of Incompatibility. In addition. In the 
case that the small chambers are coupled to 
each other through a capillary member, even if 

105 a great force is applied to one of the small 
chambers, the latent heat storage material in 
the small chamber Is not substantially trans- 
ferred to the other chambers because the 
movement of the latent heat storage material 

110 is interrupted by the capillary member. 

On the other hand, the other embodiments 
represent a supercooling type heat storage 
apparatus. According to the supercooling type 
heat storage apparatus, a plurality of small. 

1 15 chambers are defined and the plurality of small 
chambers are coupled to each other through a 
capillary member, for example. The supercool- 
ing state of the latent heat storage material in 
one small chamber is collapsed by stimulation. 

120 This collapse of the supercooling results in 
obtaining latent heat from the whole of the 
heat storage apparatus because of spread to 
the latent heat storage material in the other 
small chambers. The flexibility of the heat sto- 

125 rage apparatus is easily achieved by turns of 
the adhesion portions between the small 
chambers. 

It should be understood that the foregoing 
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cover all changes and modifications of the 
embodiments of the Invnetfon herein used for 
the purposes of the disclosure, which do not 
constitute departures from the spirit end 
5 scope of the Invention. 

CLAIMS 

1. A heat storage apparatus comprising a 
plurality of chambers for encasing at least a 

10 latent heat storage material and coupling 
means provided between said plurality of 
chambers so that said plurality of chambers 
are coupled to each other, a supercooling-pre- 
vention material being encased In at least one 

15 of said chambers. 

2. A heat storage apparatus as claimed in 
claim 1 wherein said coupling means is a 
capillary member. 

3. A heat storage apparatus as claimed In 
20 claim 1 or 2, wherein said coupling means is 

a capillary member constructed of yarn. 

4. A heat storage apparatus as claimed in 
claim 1, wherein said plurality of chambers are 
defined by partially adhering two films or by 

25 dividing a tube with heating adhesion, and 
said coupling means is formed by leaving non- 
adhered portions at the adhesion portion. 

5. A heat storage apparatus comprising a 
receptacle having therein a heat storage ma- 

30 terial for allowing supercooling and discharging 
latent heat by the phase change from liquid to 
solid In response to stimulation and a capillary 
member which extends from the Inside of said 
receptacle to the outside thereof. 

35 6. A heat storage apparatus as claimed in 
claim 5, wherein said capillary member is a 
yarn-like member. 

7. A heat storage apparatus as claimed in 
claim 5, wherein said capillary member is a 

40 foam member or sinter having continuous 
bubbles. 

8. A heat storage apparatus as claimed in 
any one of claims 5, 6 or 7, wherein a por- 
tion of said capillary member which is outside 

45 said receptacle is cqvered by a cover. 

9. A heat storage apparatus as claimed in 
any one of claims 5, 6, 7 or 8, further com- 
prising a heater, and wherein a portion of said 
capillary member is positioned apart from said 

50 heater. 

10. A heat storage apparatus as claimed In 
any one of claims 5, 6, 7, 8 or 9, wherein 
said capillary member comprises two portions 
and said two portions are arranged to be con- 

65 nected to and separated from each other. 

11. A supercooling type heat storage appa- 
ratus comprising a plurality of chambers each 
having therein a heat storage material for al- 
lowing supercooling and discharging latent 

60 heat by the phase change from liquid to solid 
in response to stimulation and a capillary 
member provided so as to pass through said 
chambers. 

12. A supercooling type heat storage appa- 


capillary member is a yam-like member. 

13. A supercooling type heat storage appa- 
ratus as claimed In claim 11, wherein said 
plurality of chambers are defined by partially 

70 adhering two films or by dividing a tube with 
heating adhesion, and said capillary member is 
formed by leaving non-adhered portions at the 
adhesion portion. 

14. A heat storage apparatus constructed 
75 and arranged to operate substantially as here- 
inbefore described with reference to Figures 3 
to 13 of the accompanying drawings. 
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